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Abstract

The sustainable papaya production management model in Chumphon province
was modified from papaya grower in Chumphon. The organic and chemical fertilizers,
watering, weed control and mixed crop farming system were mainly used. Water stress
for PRSV resistant was also applied from the seedling stress before transplanting and
continuing in field cultivation.

The papaya production with mixed crop farming system in both rubber plantation
and fruit production of the farmers in Chumphon had the same practical. The same
cultivar “Khak Dum”, soil structure was improved with 7.3-25 kg/season of organic matter.
Watering was applied only dry season. The 16-16-16 fertilizer cost 112-150 baht/season.
The average yield was 35-59 kg/plant. Internal quality of texture, color, maturity was meet
the qualified of fruit processing factory.

The sustainable papaya production management model in Chumphon province
from our work was different from the farmer. To increased PRSV resistant with water
stress 1, 2, 3 and 4 days with re-watering for 1-2 months in seedling stage and
continuing in field cultivation. PRSV infection plant and 5 pared leafs were strictly
removed from the cultivation area. Soil from cultivation area was analyzed and the
structure was improved with 8.25 kg/season of organic matter. The 16-16-16 fertilizer was
applied alone before fruiting and switch with 13-13-21 in fruiting stage. Bananas (Musa
(AA Group) 'Kluai Leb Mu Nang') were planted between row and Musa (AB group) “Klui
Nam Wa” were planted between each separate field. The results showed that the papaya
plants with 1, 2, 3 and 4 days with re-watering for 1-2 months in seedling stage and
continuing in field cultivation treatment had 2.2-8.8 % PRSYV infection, 2.2-13.4% root rot
and 11-37% topple down plant from natural disaster. The yield will produced 3 harvesting
time per crop and each period took 4 months. Fruit yields were 27-62 fruits and 51-87 kg
per plant. The cost of production was 122.5 baht per plants. Average of long length fruit
was 1.6-2.3 kg and round fruit was 1.4-2.9 kg. The texture was red-orange with 2.4-2.7

cm of thickness. The 50-75 % of fruit color changing had 0-23 % of postharvest disease.

Keyword : papaya, sustainable production, Chumphon province
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Lﬁaua\m’muﬁalﬁam}mﬂu FATNDINALFILAAIA qm%gﬁgaIu@aunmai’mm:ﬁi&iﬁﬂu
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a
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4.3.3 N139aM3IlIn
4.3.3.1 imauniu
@ o A P o @ ' o o A A a &

wasmsthelanieeun 4 Widmadaduuzazne WRZITNT b ad8 9 LA LAz TN
o hhimasuwnin inafiafild fe ELISA uaudue (Antibody) filAa polyclonal
antibody dia PRSV (PRSV-Ab) @9 ldiuanuamanz#ain maimlsafis
VAINLRULNHATANRAST INLIVATUNILE HRIINNITIATIZRANTD 1ITH WLINATIIWL
mMaNdSinmad Taeunaia ELSA luu:a:ﬂaumqu WELNARINADINTUIA W LWL
Fevimsssaagiienzia lnfani 5 WuIIMITRNUSII e I TRLAGW bLEaIa1Ns
(01391 32) swdrRsniwuannluulaslanda sulie AnUyy uazwaiviweznIwdg 11
™ ™ 1 F\I =3 Qs 1 ™ 1 F\I J
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msm’maauluuﬂmm%mwui'mé’amiﬂ"’]Uﬂgmaauﬁ 5 @Tuma:naluumqu LAY
213lsnlimaaIunIn 2.3% fuuzaznanrwmslesusihasuru e 1 uas 3 S
IUFT DT UNEI WL, 1 Wanuaasamilinliiayaaiuniu 2.2% Twdand 7 uas 8 Taswy
lugupeaiidmdonsan uaztmoludadnies uasduuzaznannuiasiilasurinasuniv
Tai'lersisin 2 uae 4 i’ummﬁwé’u"l.ajLLammﬂﬁIﬁmfi‘jLWiﬂﬁdﬂ”ﬂﬂﬂgﬂauﬁomq 20 LAan
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33) dandunzaznafiiiwmslesuinasuiulaleusii 2 3 uas 4 S5 asudszozdunanin
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= v oA = a % =
$137139N 31 E]']EIQG]‘H) L@auwﬂﬁﬂg}uma TUA FATWILIARBN/B1NIE BINITNNY

NIANAG Lmaﬂuuﬂadﬂgﬂm%m

mqﬁu La@u LR FATWDINE/ 21nN173 T'I'Tiﬁ']"io]‘@
R fin3 WInGaN
5-6 qA.- | und | Sauda wdsludluing | - daluiie
Q.. eV LESLAAWTS | 217 uasdily - danuaassialsinaigan wi
Az adnolounayy | uazle drusstesiy
lsifiluan Auduivinana | 1)enfinses (amitraz)
UaZIIN —H7 mjumimﬁ : amidine
WRanvaina §1381ATY : N-methylbis (2,4-
daulunammw xylylimino-methyl)
amine....20%W/V EC
2) lalana (dicofol)
ﬂéj&la’limﬁ : Organochlorine
81381A7Y 2,2,2-trichloro-1,1-bis
(4-chlorophenyl) ethanol.....25%
W/V EC
ﬁ@Wu@T’mmmguvlws f1IENA
q2LoN
12414 | we- | why | ovmedon WUGIWAEFY | Banudioansiad NN 7 T2
3.0 il URILAAN aumuly nas | ass
uailiuan lu uazfinma Fomwdny winfia (methomyl)
uazluaunn | aweanuan nguaaLAil Carbamate
\WRLMOLS 8138177y S-methyl-N-
INEHING (methylcarbamyloxy)
thioacetamidate........... 40%SP

- FIRNAFLLAN 1 A5
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$137139N 31 E]']EIQG]‘H) L@auwﬂﬁﬂg}uma TUA FATWILIARBN/B1NIE BINITNNY

msﬁﬁ@Lmaﬂuuﬂadﬂgnm‘ﬁm (GB))

01geu | ew | wwas | amwaame a3 mMIiaa
(1aaw) a3 WIAREN
18 n.a- | bund | Sauda Aadluduihg | - danudroansialdndigen ua
8.9 1Y LESLAAWTS | 917 uazdily wazld droansosniiy
Uaz adulounayy | Hodnne (amitraz)
laifitluan Aududvinana nguaLAdl : amidine
URZI —AD 8138197 : N-methylbis (2,4-
Wianvaina xylylimino-methyl)
8o balWaIm amine... .20%W/V EC
2) lalana (dicofol)
ﬂﬁqiilmil,ﬂﬁ : Organochlorine
§1IEATY 2,2,2-trichloro-1,1-bis (4-
chlorophenyl) ethanol..25% W/V
EC
wasudly/ WUTINRLFT Fosniiny winiia (methomyl)
IWAETeY anuiuly ns naua13LAil Carbamate
lu uazfana 8138107y S-methyl-N-
ﬁﬁ%@]@ﬁ‘uﬁu (methylcarbamyloxy)
WU | higacetamidate.......... 40%SP
Fihanaimein
WA - FIRNAFELAN 1 A9
1-14 NAAK | SaUA A lnTian Sanuaaad Wewunssiua
I, LEILAALTY | US1amwsn/ -TaRUEN 1 WA
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=l a s & o 9 o oA a a
AN 32 ﬂ’ﬁ’)Lﬂi’]z%ﬂ’u“ﬁﬂvbiﬁi]]@nﬁLLW?%@]%NzﬂZﬂﬂ LRSITND GL%LLIIE‘N@’]‘E@] ALNAWA ELISA

no indication Aad1 D/N d1ndn 2 Imsazanszaulysauluszaudn

a

moderate (M) #a f1 D/N ratio 321319 2-3 fimsazauszaulysinluszaufivnldifalsa

disease (D) fia @1 D/N ratio >3 fimIszauszauldsduluszaunvinlwuaasainisvaslsa

Fomotns Iev5usin Aot 4 (7.0, 2554) | @oufi 5 (n.0.2554) | Ldanfl 18 (7.n.2555)
FAUNL DN | 92@um3 | @1 DN RELT fn DN =AU
Tailesush atio iialsa atio maiia ratio maifia

Tsa Tsa

Healthy - 0.17 0.01 0.18 0.01 0.085 0.009

Disease - 0.33 0.09 0.68 0.04 0.43 0.03

Coating (buffer) - 0.09 0.0 0.09 0.02 0.09 0.003

VRZNBUDIAN 1 CNlelEY 1.73 - 3.05 D 2.44 M

t.13.19.10.6)

NzaznaunInw 2 R 1.73 - 2.79 M 2.77 M

(1.15.100.1 6.6)

NTRZNBUNIAN 3 walau 1.59 - 2.88 M 2.30 M

(1.25.10 0.2 6.6)

wzazne 4.1 5.2 0.1 .3 1D 0.63 - - - 2.27* M

wzazne 1.1 5.3 0.2 0.9 1D 0.56 - - - 2.10 M

wzazne U154 0.1 a3 2D 0.66 - - - 2.33 M

wzazne U.1 3.5 0.2 @.10 2D 0.58 - - - 2.31* M

wzazna 1.1 3.6 9.1 @.3 3D 0.53 - - - 1.82 -

wzazna 1.13.7 0.2 a9 3D 0.65 - - - 1.78 -

wzazne 1.1 5.8 0.1 a4 4D 0.85 - - - 2.69

yzazna 1.1 3.9 0.2 .10 4D 0.77 - - - 3.05 D

vzazne U.23.2 0.1 0.3 1D 1.11 - - - 1.82* -

vzazne 1.2 3.3 0.2 0.10 1D 0.97 - - - 2.05*

yrazne 4.2 3.4 0.1 6.3 2D 1.34 - - - 2.59 M

yzazne U.2 3.5 0.2 @.10 2D 1.16 - - - 1.88

wzazne 1.2 3.6 0.1 9.3 3D 1.11 - - - 278

wzazne 1.2 3.7 0.2 9.10 3D 1.2 - - - 2.59

yzazne 4.2 3.8 0.1 6.3 4D 0.989 - - - 2.81* M

uzazne 1.2 5.9 0.2 .10 4D 0.89 . - - 1.87 -

WINELAG WWaun 5 Lﬂum‘iﬁuﬁuwaﬁuma:naumqu

* Ao dudNILABIVIaN LHasanauANane
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=l a s & o 9 o oA a a
AN 32 ﬂ’ﬁ’)Lﬂi’]z%ﬂ’u“ﬁﬂvbiﬁﬁ!@nﬁLLW?%@]%NzﬂZﬂﬂ LRSITND GL'H:LLI]E‘NE*T’]‘E@] ALNAWA ELISA

no indication Aad1 D/N d1ndn 2 Imsazanszaulysauluszaudn

moderate (M) #a f1 D/N ratio 321319 2-3 fimsazauszaulysinluszaufivnldifalsa

disease (D) fia A1 D/N ratio >3 Ansazanszaulusdnluszaunvilduaasannsaaslse

Faating m3ldsuih | fewd 4 (s.a. 2554 WAouil 5 (n.0.2554) \Aoufl 18 (7.0.2555)
sduivlald | drpN | sedn #n D/N AU M DN | 3zaUM3
S ratio | MIia ratio matiia atio ihalsa
1sa 1Isa
Healthy - 0.17 0.01 0.18 0.01
Disease - 0.33 0.09 0.68 0.04
Coating (buffer) - 0.09 0.0 0.09 0.02
ANty - 1.52 - - - - -
MULF - 0.81 - - - - -
- 1.05 - - - 2.69 M

i 11 wahinse
(Richardia brasilliensis

Gomez)

719N 33 Lﬂaﬁ%uﬁﬁuma:naﬁuammmﬂiﬂ"h%'aqmmmu ﬂ']imgl'\‘lﬁh%ﬂ’ﬁvlﬁ%lﬂﬁ']

gaunuldlasusin 1 2 3 uaz 4 u luszazdunaiwin 1 Hau

163y

i ﬁuu:ﬂ:naﬁuammm{[sﬂqmaumu (%)

qAU

iy

Tl 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 N
711-! @a) | (e | @e) | me) | @a) | @e) | o) | @e) | cue) | ey | @w) | ey | @ey | e | @) | e | @)

i

1d 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 22
2d 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3d 0 0 0 22 22 0 0 0 0 0 0 0 0 0 0 0 0 4.4
4d 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w7 0 23 0 0 0 0 0 0 0 0 0 0 0 0 0 23 0 46
o
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d' 6 = 6 v n:l' s o Qs :’
§13713N 34 Lﬂail,sﬁ%@l@luﬁwatﬂEW]LL&@]\‘]E]’]ﬂ’ﬁT,iﬂvL’Jiﬁ'ﬂ‘@]'NLL‘V\’)% mmaamumﬂmum

gaunu b ld3usin 1 2 3 uaz 4 0 luszozdunauwin 2 an

a5y
h ﬁw:a:nﬂﬁuammmﬂmqmmmu (%)
/AU
ny
Taile 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 E
Skn @o) | (o) (9.9.) (W) (5.9.) (.9.) () (@.a) (ta.0) (W.a.) (@.0) (n.a.) @a) | o) | (aa) (W.o) (5.9.)
1d 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
24 0 0 0 22 0 0 0 22 0 0 0 0 0 0 0 0 0 4.4
3d 0 47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 47
44 0 44 0 0 0 0 0 22 0 0 0 0 0 0 22 0 0 8.8
uan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
flu
A ¢ = v P ' o v o o @
f1314N 35 LD ILTUAAWNZRENDNLFAIAINITIINLUN ﬂ’]ﬂﬁﬂ\jwquﬂﬁivlﬂﬁuuﬂﬁﬂﬂﬂu
v
1ad'le3usin 1 2 3 uaz 4 T luszozdunauwin 1 1Haw
5y
Wh duuzaznafiugasanmnnui (%)
Eol
ny
Wld | 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 | vw
7"3-' @a) | o) | @a) | oe) | me) | @e) | o) | @) | eee) | ey | d@oy | ey | @e) | w) | @a) | ) | @)
w1
1d 0 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 22
24 0 0 0 0 0 0 0 0 0 0 67 67 0 0 0 0 0 13.4
3d 0 0 0 0 0 0 0 0 6.5 22 0 0 0 0 0 0 0 87
44 0 0 0 0 22 | o 0 22 0 22 0 0 0 0 0 0 0 66
u 0 0 0 0 23 | o 0 0 0 0 0 0 0 0 0 0 0 23
F\qu
A 6 < & v A 1 o v :/ o o
17199 36 LUDTLTUAGBULAZNDNLEAIDINITINNLUN ﬂ']ﬂ%ad“’]uﬂ’]ivla@iuu']ﬁaﬂﬂu
o
14165030 1 2 3 uaz 4 T luszozdunawin 2 1Haw
15y
W AunzaznofuFnInINIIIN (%)
LR
il
Tailey 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Ee
7:1-! @a) | o) | @a) | we) | @e) | @e) | (w) | @) | eee) | oe) | @oy | ey | @e) | () | @a) | ) | @)
Wi
1d 0 0 0 0 22 | o 0 0 0 44 0 0 0 0 22 0 22 1.1
2d 0 0 0 0 0 0 0 0 0 0 22 22 0 0 0 22 0 67
3d 0 48 0 0 0 0 0 23 7.0 47 0 0 0 0 0 0 0 14.0
44 0 49 0 0 0 22 0 22 0 22 0 0 0 0 0 0 0 67
um 0 0 0 0 0 0 0 21 0 0 0 0 0 0 0 21 21 6.4
qu
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WA 13 9IMIauNzazNaNLaasaInIITNN lagluasizdondan uazdwinlutionass
AILFAILUIINANFLAT (D) LazTINUWEIURNINAY (3)

4.3.3.3 MIINANansauaIaN ﬂ’%awwq
Tandagunitzauiuanyigy lungrudaniaussluuneta ilwduuzaznande
A A @ , & LA P v A a X ° ° oo
ﬂgrﬂ,uuﬂaonwmwniﬂumu@lmauﬂ 4 m’mg’p@m‘nLwumuuazﬁnmuwamlmuma:ﬂa
MNNNYENNUARNLAURIDIUAN (13199 37 uaz 38)
o A A A A o v A oA A a
ARINTNAANTAZNDN 20 L@auma@ul,ﬂu'lgﬂ'ﬁuwa’l,uguﬂ 3 WUINUANNLFEWIEN
duiifialinaadsrsunin Mnuh waziniiasanmgy duldiuihaaunulildsui 123
URZ 4 7% MIUTAUNEIWIW 1 LAz 2 Laan Lm:@iaLﬁaﬂuuﬂadﬂgﬂﬁaﬁwmuﬁuﬁLﬁﬂmm"l,&i
' o aa v o A A f ' € & &
LANGINUNIIFD wmmumazﬂavlmumwLaﬂI@ULaaUagluma 15-35 LUa3LTue

(@797 39)

] '
a A

137197 37 LaSiTuAauNZaTNaNRN/MANLAINNADTITNTNG AURAIHIUNT b TUINFAL
nuUlulesuiin 12 3 waz 4 M TuszuzdundIwin 1 Laan LLa:@iaLﬁaaluLLﬁJaaﬂgﬂ

165y
i FUNLAZNARNIINAUTIINTNG (%)
qaU

iy

aile 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20
Sy @®@a) | (e | @a) | e | @a) | @a) | (w) | @de) | eue) | wea) | @o) | e | @) | e) | @) | we) | (@a)
3

1d 4.3 0 0 15.2 10.9 0

326

2d 4.4 0 2.2 2.2 4.4 13.3 22 0

28.9

3d 22 22 6.5 4.3

23.9

4d 22 0 4.4 22 0 13.3 6.7 22

37.8

o|lo|lo|lo|e
o|lo|lo|lo|e
o|lo|lo|leo|e
o|lo|lo|lo|e

€ o
o|lo|lo|lo|e
o|lo|lo|lo|e
o|lo|lo|lo|e

o

o

o

®

~

un1 2.3 0 0 7.0 9.3 0

Y
i

18.6
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a v Ao a Py [ a 6 = 6, o [N
$1309N 38 AUBNERZNANAN/ANLBDIINNYTITNTIA (Lﬂ@iL‘lﬁ%(ﬂ) mwmmumﬂmum

FaunuUlalaTusin 1 2 3 waz 4 10 IWITUTAUNRIUIW 2 Le o Lmz@ial,ﬁaﬂuuﬂmﬂgjﬂ

1é3y

ih AUNZAZNERNINNAYTITNTNG (%)

qAU

iy

Tailed 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 piekY)
Ju @a) | oy | @a) | mey | @ay | @y | oy | @a) | aeey | ey | @oy | ey | @a) | oy | @) | mw) | @)

i

1d 0 0 0 0 4.4 0 0 4.4 0 22 22 0 4.4 0 4.4 0 0 244
2d 22 0 0 0 0 0 0 4.4 0 0 0 0 0 22 0 0 22 11.0
3d 0 0 0 0 0 4.7 0 0 4.7 0 0 0 0 14.0 4.7 4.7 0 326
4d 0 0 0 0 0 22 0 0 22 0 0 0 0 0 22 4.4 0 11.0
[1Sb] 0 0 0 0 0 0 0 0 0 21 0 0 0 0 12.8 0 21 17.0
au

P a Y A A A ¢ & 6 [
f13714N 39 ﬂ’]’]ma&l%’]EITJN‘]Jm(ﬂu&l:ﬂ:ﬂama&lmﬂqﬂfﬁﬂ 20 L% (LﬂaiL‘ﬁWﬂ) NUAVINTY

MUt aaunU I laTUNN 12 3 uaz 4 9% IuIzusdunaIwIn 1 was 2 Lian Lazaatitad

Tuutaadan

lasusihgaunulalesuin

FLULAUNAIUIL 1 LADY

v v A
FLYUCABNAIUIU 2 LAY

Fun laTuaNULFEAIY (%)

AU laTuANULFLAY (%)

1D 17.6 30.3
2D 21.5 15.5
3D 16.0 35.1
4D 15.5 22.5
F-test ns ns

1 : aa A ~ a ] = an P o d 4
ns vL&lLL(ﬂﬂ(?’l’N‘ﬂ’Nﬁﬂ@] LNﬂLﬂiﬂULﬂﬂUﬂ’]LﬂaﬂIﬂﬂ’Qﬁ DMRT NizauaNULDaNUB 95%
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4.4 gmwinasent3mlaslananta
4.4.1 Rrduduiiduuwniuau
LL‘ﬂa\‘l‘ﬂQﬂN:NZﬂaﬁW%@&dagﬂ’mluaﬂEI’]L‘U@]‘]QJ&IWE SuwrRziudwduRoiuuwasnmuiia
1) fennite nuna1ANy uazuUaIBnawnI (Mwi14n) mmq\‘maaﬁumﬂaj@%ﬂiw
25 197 918 UBIAUEN 20-25 1)
2) firaziuaon wlasdusingw (nwd 142) m’mqwaaﬁumﬁwﬁ’]ﬁﬂﬁﬁm’h
20 LUAT LLa:mqmadﬁumﬁwﬁﬂﬁu 20-25 1
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HaRITTULNIS IR AMMNERNIRUa Nk luIaIAuNsAsnaR U GLaNm
Effect of Irrigation Systems on External and Internal Fruit Qualities of Carica papaya L. cv. ‘Khak Dum’

nuNNS Yeyryzaitid’

Kanokpon Bunya—atichar‘t1

Abstract
Water management system has an effect on plant growth and fruit quality, |for example as non—-watering
sometimes induces the plant resistance system and enhance pulp sweetness. Therefore, this research is aimed to
compare the effect of non —watering intermittent with re —watering of papaya cv. ‘Khak Dum’ grown in Chumphon
province starting form seedling to field plantations on the fruit quality. There were four cyclic water deficit
treatment 1) 1 day non — watering followed by 1 day re — watering, 2) 2 days non — watering followed by 1 day re —
watering, 3) 3 days non — watering followed by 1 day re — watering, and 4) 4 days non — watering followed by 1

day re-watering. The results showed that all treatment of non-watering followed by re-watering had no significant
difference on fresh weight, tim of 50% or 75% of peel yellowing, percentage of skin disease area, pulp thickness

and firmness. Two days non-watering followed by 1 day re-watering of round-shaped fruits had the shortest timing
to 50% yellowing. Three days non-watering followed by 1 day re-watering had the same value of total soluble solid
as the 1 day non — watering followed by 1 day re —watering. The external and internal qualities of fruit from the first
fruiting season (september-february) had no significant difference from the second fruiting season (april-july) in all
treatments.

Keywords: water stress, papaya, fruit quality
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Figure 1 Round and long shaped shaped (a) of papaya fruits and color chart to determine papaya pulp color (b)
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Table 1 External and internal qualities of long shaped papaya fruits kept at 29+2°C and 88+5%RH from 1D, 2D, 3D

and 4D non watering followed by 1 day re-watering

External qualities Internal qualities

Fresh Disease Pulp Pulp

Treatment Days to 50% Days to 75% Firmness TSS
weight area thickness , calor

yellowing yellowing (Kg/em’) (%)

(Kg) (%) (Cm) (Score)

1D 1.8 5.2 5.3 0.3 25 102.0 10.6 74
2D 2.0 4.2 4.8 1.8 27 108.5 9.5 7.8
3D 1.7 5.3 7.0 0.2 25 1121 9.3 7.6
4D 2.0 55 7.2 25 27 127.8 9.7 75
F-test ns ns ns ns ns ns ns ns

Table 2 External and internal qualities of round shaped papaya

3D and 4D non watering followed by 1 day re-watering

fruits kept at 29+2°C and 88+5% RH from 1D, 2D,

External qualities Internal qualities
Fresh Disease Pulp Pulp
Treatment Days to 50% Days to 75% Firmness T3S
weight area thickness B color
yellowing yellowing (Kg/icm”) (%)
(Kg) (%) (Cm) (Score)
1D 24 77 77 0.7 25 66.3 10.9 76
2D 2.2 48 8.3 0.0 24 733 9.1 7.8
3D 21 74 11.0 0.2 24 44.9 12.1 8.1
4D 21 8.0 8.8 1.0 24 305 8.9 7.7
F-test ns * ns ns ns ns * ns

Table 3 External and internal qualities of long shaped papaya f

ruits at 50% peel yellowing from 1D treatment

External qualities

Internal qualities

Crop Fresh weight Days to 50% Disease Pulp thickness Firmness TSS Pulp color
(Kg) yellowing) area (%) (cm) (Kglcmz) (%) (Score)
First 19 5.9 1.4 25 73.1 10.7 74
Second 21 6.7 0.8 2.7 71.0 10.3 7.9
T-test ns ns ns ns ns ns ns

Table 4 External and internal qualities of long shaped papaya f

ruits at 50% peel yellowing from 2D treatment

External qualities

Internal qualities

Crop Fresh weight Days to 50% Disease Pulp thickness Firmness TSS Pulp color
(Kg) yellowing) area (%) (cm) (Kglcmz) (%) (Score)
First 1.9 4.3 1.3 27 63.2 10.1 7.8
Second 1.9 6.1 1.6 27 439 10.5 7.5
T-test ns ns ns ns ns ns ns
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Table 5 External and internal qualities of long shaped papaya fruits at 50% peel yellowing from 3D treatment

External gualities Internal gualities
Crop Fresh weight Disease Pulp thickness Firmness 1SS Pulp color
Days to 50% yellowing B
(Kg) area (%) (cm) (Kg/cm”) (%) (Score)
First 1.8 6.1 0.6 2.4 73.5 9.8 7.6
Second 1.7 6.7 0.4 25 54.8 114 71
T-test ns ns ns ns ns * ns

Table 6 External and internal qualities of long shaped papaya fruits at 50% peel yellowing from 4D treatment

External qualities Internal qualities
Crop Fresh weight Disease Pulp thickness Firmness TSS Pulp color
Days to 50% yellowing B
(Kg) area (%) (cm) (Kg/em”) (%) (Score)
First 22 5.8 1.9 27 67.9 10.2 7.5
Second 1.9 6.0 5.1 25 48.2 10.7 8.5
T-test ns ns ** ns ns ns ns
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Responses of Papaya Seedlings (Carica papaya L.) to Water Stress

K. Bunya-atichart, S. Phuwajerernporn and N. Montri

Department of Agricultural Technology,

King Mongkut’s Institute of Technology Ladkrabang, Chumphon Campus,
Chumphon, Thailand

Keywords: growth analysis, physiology, non-watering

Abstract:

The responses of papaya (Carica papaya L.) cv. Khak Dam seedlings to
water stress were investigated. Water stress was imposed by 1, 3, 5, 7, and 9 days of
non-watering and subsequent re-watering during a period of 60 days after
transplanting in glasshouse condition. The survival percentage, growth data; stem
height, stem diameter, canopy width, leaf area, root length, leaf number and dry
weight were measured. Growth analysis; dry weight percentage, relative growth
rate (RGR), net assimilation rate (NAR), specific leaf area (SLA) and root/shoot
ratio (R/S) were analyzed. The results found that the 9 days treatment had lowest
survival percentage at 33.3 percent. The water stress at 3 to 9 days reduced stem
height, stem diameter, canopy width, leaf area while it was not found in 1 day
treatment. The root length, and stem dry weight percentages were not different
when compared among treatments. RGR, NAR and R/S ratio did not change due to
water stress. Growth of roots and leaves were enhanced in water stress as they had
more root and leaf dry weight percentage.

INTRODUCTION

During their growth, crop plants usually exposed to different environmental
stress which limits growth and productivity (Shao et al., 2008). Drought stress is one of
the most frequent abiotic stresses in agriculture worldwide (Mafaheri et al., 2010). Water
stress negatively affects many plant processes, such as photosynthesis, transportation,
stomatal conductance and metabolite accumulation (Ohashi et al., 2006). Plant response
to water stress includes morphological and biochemical changes, resulting in acclimation
and damage and loss of plant part in severe cases (Chaves et al., 2002).

Papaya (Carica papaya) is considered one of the most economically important
and nutritious fruits, being a rich source of antioxidant nutrients such as carotenes,
vitamin C and flavonoids. It is one of the major fruit crops in Southeast Asia and
important traditional part of the household diet of families in countries like Indonesia,
Malaysia, the Philippines, Thailand, and Vietnam. Papaya crops suffer from several
diseases and pests, the most ubiquitous and widespread of which is papaya ringspot virus
(PRSV). This virus affects production and productivity in every region of the world by
decreasing photosynthetic capacity of the plants, which subsequently display stunted
growth, deformed and inedible fruit, and eventually, plant mortality. When plants are
infected at the seedling stage or within two months after planting, the trees will not
produce mature fruit. If trees are infected at a later stage, fruit production is reduced and
of poor quality because of ringspots on the fruit and a decrease in sugar concentration
(Gonsalves, 1998). A common knowledge that most diseases appear and develop best
during wet, warm day and nights and that plants fertilized heavily with nitrogen Plant
disease resistance derives both from pre-formed defenses and from infection-induced
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responses mediated by the plant immune system (Agrios, 2005). Moreover, Siripanich
(2006) said that some plant growth well in limited factors such as water, fertilizer, and
environmental because they have healthy cell and may be accumulation secondary
metabolite for defense diseases and insect. Papaya plants are considered to be relatively
resistant to drought, although to achieve optimum growth or yield, sufficient water for
irrigation is required. Several studies showed that leaf relative water content and xylem
pressure potential were unaffected by drought and classified papaya as a species that
responds to drought primarily via dehydration postponement (Mahouachi et al. 2006)

In Thailand, papaya growers had serious problem from PRSV infection that
affect growth and productivity Siripanich (2008). A technique for induce the plant
resistance system by water stress was set up. This study was undertaken to determine the
response of water stress on papaya seedlings growth.

MATERIALS AND METHODS

Plant materials and seedlings growing conditions

Papaya (Carica papaya L.) cv. Khak Dam fruit were selected from a papaya
grower in Chumphon Province, Thailand. Papaya seeds were washed and the gelatinous
covering removed. Seeds were soaked in water overnight then sown, 1 seedling in
15x22.5 cm plastic bag containing 3.5 kg media mixture; sand: coconut coir dust: rice
husk (1:1:1). The containers were maintained in glasshouse at King Mongkut’s Institute
of Technology Ladkrabang (KMITL), Chumphon Campus, Chumphon Province,
Thailand. The papaya seedling was watered with 500 ml water per time. The other
management such as fertilization was done as same as normal plant management. The 5
gram of formula ratio 15:15:15 fertilizer was applied to one papaya seedling per month.
Seedlings were used as stock plants for experiment when they are 3 to 5 leaf stage.

Treatments and measurements

The 5 treatments consisted of water stress with 1, 3, 5, 7 and 9 days non-
watering and re—watering subsequent day during 60 days after transplanting in
glasshouse condition. The survival percentages were documented and plant growth
parameters, such as stem height, stem diameter, canopy width, leaf area, leave number
were also measured.

Leaf, stem, and root dry weight were measured using electronic digital balance
(OHAUS, PIONEER PA4102®), after drying to a constant weight in the oven for 72
hours at 60°C. Leaf area was measured by using Leaf Area Meter (Li-COR® Model Li-
3100 AREA METER). Growth in term of total plant, root, stem, and leaf dry weight and
growth indices, such as net assimilation rate (NAR) = ((WW,)/(A+-Ai)) X In ((AdA)/(t2-
t1)), where Wi, Wr are the initial and final weight and Ai, As are the initial and final leaf
area, root : shoot ratio (R/S) = shoot dry weight/root dry weight, relative growth rate
(RGR) = (InW,-1InW,) [/ (t,—t1), where Wy and W, are plant dry weights at
times t; and t,, specific leaf area (SLA) = leaf area per plant/leaf weight per plant (cm?g”
1), were calculated. For each of the above parameters, 5 replications were used.

Experimental design and statistic analysis

Experiments followed a completely randomize design (CRD). Analysis of
variance (ANOVA) was performed with General Linear Model procedure and mean
separation with Duncan’s multiple range test. Significance was recorded at p<0.05.
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RESULTS AND DISCUSSION

Severe water stress may disturbance of metabolism and finally leads to death of
plant. Imposition of simulated water stress reduced the survival rate (Aslam et al, 2006).
Table 1 shown papaya seedlings had the lowest of survival percentage in 9 day non-
watering treatment at 33.3 percent with highly significant difference among the other
water-stress treatments. Among water stress less than 9 days treatments, they were
significant in survival percentage.

Water stress is known to decrease leaf growth and size, increase the rate of leaf
death, reduced plant height, plant top and also roots dry weights in several crop species
(Shao et al. 2008). From 10 — 60 days, all treatment had increase in leaf number. After
50 days, the seedlings 5 days treatments remain constant on leaf number (Fig. 1A).
During water deficit, plant growth is arrested, leaf abscission is induced. (Mahouachi et
al., 2006). Leaf area is significantly larger in 1 day treatment (Table 1). There was not a
substantial difference at day 0 to 30 days in all water stress treatments. At 40 days, the
leaf area of all water stress treatment sharply increased, however, the increased in leaf
area of 9 days water stress was lower than the other treatment at 60 days (Fig.1B,
Tablel). Similar with results of Emam et al. (2010) who reported that leaf area of
common beans was reduced when the plants exposed to drought stress during vegetative
growth stage. Nielsen and Nelson (1998) also observed significant leaf area reduction in
black bean. Loss of leaf area which could be resulted from reduced size of young leaves
and inhibition of the expansion of developing foliage is also considered as an adaptation
mechanism to moisture deficit. From our experimental, the 5, 7 and 9 days water
stressed papaya seedling had narrow canopy width than 1 and 3 days water stress
treatment (Tablel, Fig. 1C). Plant height and enlargement was affected significantly by
water stress (Shao et al., 2008). Water stress had effect on height of seedlings at day 50
and clearly significant difference at day 60. The 7 and 9 days of non-water and re-
watering treatments had the lowest height of seedlings while 1 day treatment had the
highest stem height (Tablel, Fig. 1D). Stem diameter as not significant up to 30 days in
all treatments but it was increased after 40 days (Table 1, Fig.1E). The result was similar
report of Sangtarash et al. (2009) they found that water stress decreased stem diameter
and plant height in canola (Brassica napus) seedlings. For the report of Blum and
Sullivan (1997) and Blum et al. (1997), they reported that drought tolerance in quinoa
was enhanced by a decrease in growth rate and plant size. In figure 1F, we found that
root length in all water stress treatment decrease during 0-10 day of transplanting but
after 40 days the length of root in 1, 3 and 5 day-water stress treatment were more than
in 7 and 9 day treatments. However, in the experiment we found that root length of
papaya seeding in the water-stress treatments was not significant difference at 60 days
(Table 1). Mahouachi et al. (2006) reported that the ability of papaya plants to improve
drought tolerance is not mediated through the reduction of leaf abscission or the
detention of growth. In contrast, under water stress conditions these plants appear to
posses a certain capacity to increase ion content which might contribute to osmotic
adjustment.

A common adverse effect of water stress on crop plants is the reduction in Fresh
and dry biomass production (Shao et al. 2008) as showed on percentage of total plant dry
weight. Leaves and stem dry weight of the other treatments were not significant
difference from 7 and 9 d non-watering treatment. Therefore the 7 and 9 d non-watering
total dry weight showed more weight than other treatments. However, at 60 day total dry
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weight were not significant different in all treatments (Table 2, Fig. 2 A, B, C, and D).
Water stress treatment increased the fraction of dry matter partitioned to the root and leaf
of papaya seedling (Table 2). Water stressed canola plants had significantly higher root
dry matter than the well-watered plants (Sangtarash et al. 2009). Root dry weight
percentage of 7 and 9 days of non-watering increased continuously from day 0 to 30
days and declined from day 40. However, Newman (1969) reported that root weight is
less important than root surface area because most absorption occur through fine roots,
which contribute little to dry weight. The unchanged root to shoot dry weight ratio (R/S
ratio) of all water stress treatment were found in the present result. In contrast, Kirnak et
al. (2001) reported that water stress increased the ratio of root to shoot dry weight of
eggplant (Solonum melongena L.cv. Teorem F1), they suggested that above-ground
growth is affected by water stress than below-ground growth.

In the present study, decreasing SLA was found in 5, 7, and 9 day treatments
(Table 2). Similar result with the results of Khalil and Grace (1992) and Nielsen and
Nelson (1998) who found that water deficit reduced SLA. NAR and RGR of papaya
seedling after water stress treatment were not significant difference (Table 2).
Allocation of biomass to the leave and the ratio of leaf area to leaf weight (SLA) are
major determinant of variation in growth rate (Poorte et al. 1990). Most leaves weight
means more photosynthetic tissue and consequently a higher growth capacity.

CONCLUSION

From the result of these experiments, it can be concluded that water stress
significantly decreased survival percentage, leaf area, stem height, stem diameter,
canopy width but increase root and leaf dry weight of papaya seedlings. Water stress had
no affect to NAR and RGR of papaya seedling. However, SLA was sensitive to water
stress.
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Tables

Table 1. Survival percentage, leaf area, stem height, stem diameter, canopy width, and
root
length of papaya seedlings. Treatments were non-watering and re-watering of

1,3,
5, 7, and 9 days during 60 days.
Non-watering | Survival® Leaf Stem Stem Canopy Root
treatments (%) area’ height" | diameter’ | width® | length
(day) (cm?) (cm) (cm) (cm) (cm)
1 86.7 a 13114 a 495a l4a 51.7 a 27.8
3 734 a 863.5b 37.3b 1.2ab 39.7b 26.6
5 86.7 a 590.0c 30.3 bc 11b 33.4 bc 25.8
7 86.7 a 443.2cd | 22.84cd 1.0 bc 28.5cd 24.9
9 33.3b 236.0d 21.0d 08¢ 24.5d 22.6
F_test ** **x *%* ** ** ns
CV (%) 32.0 24.4 17.8 18.7 14.5 21.8

! Within the same column mean values followed by the same letter are not significantly
different at the 0.5% level (Duncan’s Multiple Range test, DMRT)

Table 2. Total plant dry weight, root dry weight, leaf dry weight, root/shoot ratio (R/S),
specific leaf area (SLA), net assimilation rate (NAR) and relative growth rate (RGR)
of
papaya seedlings Treatments were non-watering and re-watering of 1, 3,5, 7, and 9

days during 60 days.
Non- Total1 Root? Stem?* Leaf R/S SLA! NAR? RGR!
watering plant DW DW DW 2 -1 2 1 1,1
treatments DW (%) (%) (%) (Cm g ) (g cm™m ) (gg m )
(day) (%)
8.05 19¢c 3.4 2.8Db 0.31 | 4745a| 0.021 1.7
3 8.54 2.1 3.3 3.1ab 0.34 439.5 0.018 15
bc ab
5 9.59 2.4 3.7 35a 0.33 413.2 0.017 1.3
ab bc
9.52 2.8a 3.3 35a 0.41 | 365.4c| 0.014 1.2
9.67 2.8a 3.6 3.3ab 0.42 408.5 0.021 1.3
bc
F-test ns kel ns * ns * ns ns
CV (%) 12.7 13.5 26.4 10.9 19.5 7.8 42.1 20.4

L Within the same column mean values followed by the same letter are not significantly
different at the 0.5% level (Duncan’s Multiple Range test, DMRT)
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Figure 1. leaf number (A), leaf area (B), stem diameter (C), stem height (D), canopy
width (E), and root length (F) of papaya seedlings. Treatments were non-watering and
re-watering of 1 days (), 3 days (@), 5 days (&), 7 days (A), and 9 days (O) during
60 days. Each value is the means of at least five measurements +SE
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Figure 2. Dry weight of whole plant (A), leaf (B), stem (C), and root (D) of papaya
seedlings Treatments were non-watering and re-watering of 1 days (@), 3 days & ), 5
days (&),7 days (&), and 9 days (O) during 60 days. Each value is the means of at least
five measurements +SE.
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Comment
Title: clear and suitable
Abstract:

1.

2.

Change cv. “Khak Dam” to cv. Khak Dam (all of content)

Answer : Yes, | changed cv. “Khak Dam” to cv. Khak Dam all of content.
Check grammar for the yellow highlights. Line 6 of the abstract content
mentioned that SLA was analyzed but there was no SLA result.

Answer: SLA result was showed in Table 2 and described in result and
discussion.

Introduction:

1.
2.

Check the content on the first paragraph (yellow highlight)
Answer : | deleted this senescence.

Answer : | deleted “in severe cases “.
Paragraph 3 of the introduction, reference is needed to support the statement ....

papaya growers had serious problem from water deficit that affect growth,
productivity and also lead to PRSV infection.

Answer : | deleted this senescence that was not related in this paper.
The last sentence on paragraph 3 of the introduction... particular strategy for

acclimated seedlings for furthur field performance and PRSV resistant. ...There
was no result or discussion about this matter!
Answer: | delete the sentence that was not related in this paper.

Materials and Methods:

1.

Plant materials and seedlings growing conditions: Should indicate the size of
the container (volume). This related to soil volume and how fast the water stress
developed after drying down.

Answer: the container was a 15x22.5 cm (6x9 inch) black plastic bag that use for
planting. The media was mixed with sand, coconut coir dust and rice husk in
ratio 1:1:1. One container was 3.5 kg of mixture media. | did not observed how
fast the water stress developed after drying down but 500 ml water was exactly
volume for make an optimum moisture media mixture. It was not exceed water
from the media mixture. However, | observed that the upper mediaof 357 and 9
days treatment were dry on next watering.

From the statement... Watering the papaya seedlings regularly 500 ml for 1
times a day with fertilizer (15:15:15)... it is not clear whether the 15-15-15
fertilizer was applied separately or with watering.

Answer: 15-15-15 fertilizer was applied separately watering.

Treatments and measurements: Is there a control treatment (ie. No water
stress)?

Answer : No, no water stress treatment was not set up in this experiment.
Explain about abbreviation in the formulae: Net assimilation rate (NAR) = ((Ws-
Wi)/(A+-A)) X In ((AdA)(t2-t1))

Answer: The abbreviation of NAR formulae was explained on 6 line of treatment
and measurements.

Root length was shown on Tablel and Fig.1. How was it measured? Was it a

total root length or length of the longest root?
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Answer: Root length was measured the longest root.
How was dry weight percentage calculated?

% dry weight = (dry weight x 100)/fresh weight

Results and Discussion:

1.
2.

Check grammar of the yellow highlights.

Paragraph 3: Leaf dry weight percentage increased significantly by increased the
water stress periods (Table 1). Should it be Table 2?

Answer : Yes, leaf dry weight percentage was show on table 2.

Leaf area ratio (LAR) was mentioned in the very last paragraphs of the results
but there was no LAR data on table 2.

Answer: LAR was not calculated and | deleted every sentence that mentioned to
LAR.

The statement ._The significantly higher SLA and LAR in the well-watered
plants (Table 2) ..... There was no LAR data and there was no data of well-
watered plants

Answer : Yes, there was no LAR data. The well —watered plant is mean 1 day
treatment. | deleted LAR data and changed the well-watered plant to be 1 day
treatment.

There was no mention about R:S, RGR and NAR in the results at all!

Answer: | added the result of R:S , RGR and NAR in the result and discussion.
Table 2: How to interpret negative values of RGR and NAR? Negative CV?
Answer: The value of RGR and NAR were checked and | make a new one of
NAR and RGR.

Table 2: Add unit for SLA, NAR, RGR

Answer: The unit of SLA, NAR and RGR were added in table2.

Table 2: There was a confusing point on dry weight percentage of the total plant,
root, shoot and leaf. How was it calculated? Can it be simply presented as the
actual dry weight in gram? In term of dry mass partitioning, the summation of
root, stem and leaf dry weight percentages should be 100% = total plant dry
weight percentage. May be | do not understand its calculation.

Answer: % dry weight total plant = (dry weight of whole plant x100)/fresh
weight of whole plant

% dry weight root = (dry weight root x100)/fresh weight root

% dry weight stem = (dry weight stem x100)/fresh weight stem

% dry weight leaf = (dry weight leaf x100)/fresh weight leaf

I did not calculate the dry mass partitioning because | did not take the whole
plant fresh weight at the formulae of root, stem, and leaf dry weight as showed
on the upper paragraph. For the actual dry weight in gram, | did not add it on the
table because I think I would like to present the analysis data. From your
suggestion, | calculated the % root, stem, and leaf in the term of dry mass
partitioning as showed on Table 2.

The discussion did not clearly link the results to the acclimation of seedlings to

drought conditions prior to field transplanting as indicated in the objective.
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Answer: | edited the result and discussion and make a new objective because the
experiments did not show the result of field transplanting.
10. Titles of Tables and Graphs highlighted in yellow need revision for clarity.
Answer: Titles and tables and graphs were edited.
11. Identify the bars in Figure (SD or SE ?)
Answer: The bars in figure were SE.
Conclusion:
1. 1do not understand the point of the first sentence!
Answer: It is not related to conclusion so that | deleted it.
2. Check grammar for the yellow highlights.
Answer. Yes.
References:
Check for uniformity of journal names (full name or in abbreviation).
Answer : | changed some journal name from full name to abbreviation name.

The article will need major revision before being accepted for publication.
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